The nucleotide sequence of the RNA transcript from the "early" (E) strand of SV40 DNA immediately preceding the preferred E. coll RNA polymerase start site Is
INTRODUCTION
SV40 DNA Is a superheltcal closed circular DNA, with molecular weight of 3. 5 x 10^ daltons. Westphal(l) , showed that transcription of Form I SV40 DNA by E. coll RNA nucleotidyl transferase (RNA polymerase E.C. 2. 7. 7. 6) is assymmetrlc, and transcription is from the "early" strand (E-strand). He also found that some of the transcripts obtained were larger than the unit length of the SV40 genome. We have reported (2) that there Is a preferred s tte of initiation by E. coU RNA polymerase holoenzyme located In the SV40 DNA segment conAbbreviations used: SV40 -Simian Virus 40. Hln -Hemophilus influenza. "E" stand -That strand of SV40 DNA whose transcript accumulates In the cytoplasm of Infected cells prior to replication of viral DNA. "L" strand -The strand of SV40 DNA complementary to the "E"strand.
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tained in the Adeno-SV40 hybrid virus, Ad2+ND3 (3) . Because E. coll RNA polymerase can traverse the circle and make transcripts larger than the unit length of SV40 DNA, we were able to obtain nucieotide sequences preceding and overlapping the preferred site of initiation by hybridizing SV40 complementary RNA toAd2+ND3 DNA. Simple and reproducible set3 of ollgonucleotldes were obtained by digestion of RNA which had been transcribed from SV40 DNA and annealed to Ad2+ ND3 DNA, or transcribed from Ad2+ND3 DNA and annealed to SV40 DNA. Since the initiation of transcription lies over 60 nucleotldes from the end of the SV40 DNA segment present within Ad2+ND3, sequence analysis of the annealed RNA has given us the structure of a substantial region of DNA immediately preceding the start site.
MATERIALS AND METHODS
Most of these were described in the preceding report (4) . Far DNA isolation, Ad2+ND3 virus was propagated in suspension cultures of the KB line of human epidermal cells and purified as described previously (2) . The Infected cells were frozen and thawed three times and treated with deoxycholate (1%), trypsin (0.01%), pancreatic RNase (10fi/ml) at 37°C for 30 minutes. Virus was pelleted by high speed centrifugation into a cushion of CsCl solution (density 1.43) and purified by equilibrium density centrifugation in CsCl solution (density 1.34).
The salt was removed by dialysis and DNA extracted by disruption of the virus with pronase and . 5% sodium dodecyl sulphate, followed by phenol extraction. After the treatment two volumes of alcohol were added to the aqueous layer and the DNA recovered by spooling and dissolved In . 015 M sodium chloride, .0015 M sodium citrate (pH 7).
RESULTS
Labelled SV40 complementary (cSV40) RNA was prepared by transcription of Form I SV40 DNA with E. coll RNA polymerase holoenzy.me. The transcript was hybridized toAd2+ND3 DNA Immobilized on the filters and eluted at 100°C in the presence of 100 ^g of carrle.r t-RNA. Ollgonucleotide maps of T^ RNase and pancreatic RNase digests were prepared rlbonucleoslde triphosphates. These maps showed discrete and reproducible patterns of ollgonucleotldes ( Fig. 1 and Fig. 2 ).
The nucleotlde sequence previously published (5) contained all the T RNase products of the SV40 RNA complementary to Ad2+ND3 DNA except those listed In Table 1 . Analysis by further digestion with pancreatic RNase was sufficient to determine the sequence of many of the oligonucleotides. To deduce the sequence of TjGE 114, 553 and 8, we used U, RNase (6) to cleave adjacent to Internal adenyllc acid residue (Table 2) . Table 3 presents the analysis of pancreatic RNase digestion products of that segment of SV40 DNA which preceded the start of E. c d i RNA polymerase and was contained within Ad2+ND3. The sequence of these products was determined by digestion with T RNase.
To deduce the order of T^ RNase digestion products limited digestion of the RNA was done with "C" RNase (7, 8) , carboxymethylated pancreatic RNase (9, 10), and spleen acid RNase (11). Table 4 shows the analysis of those products of "C'RNase digestion of cSV40 RNA hybridized to Ad2+ND3 DNA which came from the sequence preceding the E. coll RNA polymerase start. Further Information about the sequence was derived from the partial digestion products obtained with carboxymethylated pancreatic RNase (Table 5 ) and spleen acid RNase (Table 6 ). Here also analysis are shown only for those sequences which preceded the E. coll RNA polymerase start and were contained within Ad 2+ ND3.
The Information obtained from these partial digestions waB enough to order completely these T, RNase digestion products (Fig. 3) . The initial sequence of the E. coll RNA polymerase transcript Is pppA-A-A-U-A-A-A-G-Cp(5). This base sequence is found in two T.RNase products (oligonucleotides TjGE 8 and 2) of SV40 cRNA which had been annealed to Ad2+ND3 DNA. However oligonucleotide 2 was transcribed in its Figure. 1 A. Autoradlograph of a two dimensional electrophoretlc and chroma tographlc separation of oUgonucleotldes produced by T RNase digestion of SV40 complementary RNA annealed to Ad2+ND3 DNA. Electrophoresls was from left to right on Cellogel In 7M urea at pH3. 5 and chromatography from bottom upwards on a DEAE cellulose thin layer chromatography plate with "homo B" solution (17) . The RNA was synthesized on an SV40 DNA template In the presence of a-32 ? UTP(36. 6 Cl/m mol) for 30 minutes at 37°C, and annealed to Ad2+ND3 DNA, eluted and digested with T.RNase as described elsewhere (2) . Table 2 The RNA sample was digested with T^RNase and resulting oligonucleotides fractionated as in Figure 1 . The products were further digested with U 2 RNase. The digestion products were analyzed on DEAE cellulose paper by electrophoresls at pH 3. 5, and the resulting products were further analyzed by digestion with pancreatic RNase and electrophoresed as In Table 1 . 
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DNA preceding the E. c o l t RNA polymerase start within Ad2tND3 DNA. Table 3 The RNA samples were digested with pancreatic RNase and the resulting products obtained as mentbned In Table 1 were further digested w^th TiRNase, and the resulting products Identified by their electrophoretlc mobility on DEAE paper at pH 3. 5 and 1. 7. Where necessary, products were also analyzed by alkaline hydrolysis. Table 4 Separate samples of RNA were prepared with each of the four o-32p nu cleoslde trlphosphates. The RNA was digested with "C" ribonuclease (7) and the resulting ollgonucleotides were separated by electrophoresls on cellogel strips at pH 3. 5 and homochromatography on DEAE cellulose thin layer plates with "Homochromo B" or "A" (17) . The individual products were eluted and digested with Tj RNase and the digest was analyzed by electrophoresis on DEAE cellulose paper pH 1. 7 and the resulting ollgonucleotides were further digested with pancreatic RNase and analyzed by elec-.trophoresls on DEAE cellulose paper at pH 3. 5. Results with all four triphosphates were in agreement with the sequences shown. Brackets indicate the neatest nelghbo nucleotlde. R b 1. 7 refers to the electrophoretic mobility of a product relative to the dye xylene cyanol on DEAE paper at pH 1.7. Table 5 Radioactive RNA was prepared as described In Table 4 ...The RNA was digested with carboxymethylated pancreatic RNase (9, 10) and further analysis of the resulting ollgonucleotides was done as in Table 4 . Lines underscoring a product indicate molar yield In excess of one. Table 6 Radioactive RNA was prepared as described In Table 4 . The RNA was digested with spleen acid (RNase (11) and the resulting oligonucleotldes anal, zed as In Table 4 .
